1. Introduction. - The extension of the pioneering work of Autler and Townes [1] to the optical range has recently been the subject of a great deal of interest.
The optical Autler-Townes effect or dynamic Stark splitting is most simply observed in a three-level atomic system interacting with two continuouswave monochromatic optical fields (optical analogue of the original RF-microwave experiment). The energy levels of the first transition are actually split by the quasi-resonant powerful pump field and this splitting is probed by the weak probe field quasiresonant with the second coupled transition.
The experimental investigation of this effect has been carried out either in an atomic beam [2, 3] or in a gas cell, inside a laser cavity [4, 5] and outside [6, 7] . These three experimental possibilities obviously correspond to very different theoretical situations.
Many papers have been devoted to the theoretical treatment of three-level systems interacting with two quasi-resonant monochromatic fields [see e.g. references [8] [9] [10] [11] [12] [13] [14] [15] ]. However few authors have discussed the optical Autler-Townes effect in Doppler-broadened three-level systems in detail [11, 13, 16, 17] . In our previous work [7] , the i) the effect of the detuning of the pump field ; ii) the effect of the ratio of the two transition frequencies on the behaviour of the doublet.
To understand the physical background for these two effects, some theoretical aspects of the problem are reexamined.
In section 2, we consider a three-level system at rest interacting with two near resonant monochromatic fields. The equations of motion of the density matrix of the system are written for a quite general case. In the weak probe field [7] are compared with the theoretical discussion of the above section.
2. Three-level system at rest. - where u is the most probable velocity modulus :
The two fields are supposed to be pure travelling waves (wave vectors ki, k2), propagating along the same axis Oz (kl and k2 are the algebraic wave numbers) either in the same direction (kllk2 &#x3E; 0) or in two opposite directions (kllk2 0).
The probe field absorption must now be integrated with respect to the longitudinal velocity and the absorption coefficient is therefore given by :
where a2(Ôl, b2, v) is deduced from a2(bl, b2) by replacing bl by (bl -k, v) and b2 by (b2 -k2 v) ; v is the projection of the atom velocity along the Oz axis.
"
The integral (10) can be calculated in the large Doppler-width limit using residue techniques, and analytical calculations have been achieved in the weak probe-field approximation [10, 16] For given detunings b1 and ô2, two axial velocity classes are found to be on resonance if the discriminant of (11) is positive; if it is negative no atoms are resonantly excited by the fields. A convincing analysis of this phenomenon was given by Chebotaev [13] in the case b 1 = 0 (1). We propose in the following an alternative answer to the problem, namely a graphical illustration which will allow a more complete understanding of the physical effects.
We introduce two functions Zl(kl v) and Z2(kl v) for the pump and the probe fields respectively :
The velocity classes of the resonantly excited atoms are given graphically by the intersection of the two corresponding curves (see Fig. 2 figure 2 , the translation movement of the probe straight line is simply replaced by a translation of the pump field hyperbola along the X-axis. Therefore, the Autler-Townes effect can also be observed, but with a frequency scale multiplied by a factor C010/C021 [20] . Under the same circumstances it is not possible to observe the splitting in an atomic beam (v = 0).
ENERGY DIAGRAM WITH DOPPLER-EFFECT IN
Té « DRESSED-ATOM » PICTURE. -Our graphical interpretation can be compared to the well-known dressed atom picture, which uses a quantum treatment both for the atom and for the field (see for instance [21, 22] 5) ;
ii) the numerical integration over the velocity distribution has been achieved using the Simpson method with prediction of the integration step [25] ;
iii) the values of Po, Ti, T 2, Y 1 and Y2 have been derived from recent papers (see e.g. [26] [27] [28] ); the relaxation rates ru are deduced from the lifetimes : rjj = (ri + rj)/2.
The resonance curves have been calculated using the exact solution of the equations of motion (1) (2) (3) (4) (5) (6) for the stationnary atom-field system with two strong fields (Rabi frequencies 2 W1 and 2 w2) and also using the weak probe-field approximation (equation (8)).
The prdtiles so obtained are shown on figure 6 for the system (B). The [29] . The residual Doppler width, which is the . Doppler width of the 0 --+ 1 transition multiplied by the factor (1 -S), is very small for the system (B). Figure 8 shows that such a phenomenon also occurs for the system (A). In this case the frequency sepaFixe. 8. -Calculated resonance curves : evolution of the shape and of the intensity (three-level system (A)). The results of the graphical discussion of system (A) can be compared to the results of the exact calculation (Fig. 8) [7] and then we present an experimental investigation of the systems (B) and (C). The experimental results are compared in some detail with the theoretical predictions of the above sections.
DISCUSSION OF THE PREVIOUS EXPERIMENTS ON
THE THREE-LEVEL SYSTEM (A). -Our experimental investigation of the Autler-Townes effect on the system (A) has been recently reported [7] . Although the frequency scanning range of the 1.15 J.l He-Ne laser was too small (300 MHz) to allow a complete investigation of the resonance shape, the experimental profiles looks similar to the expected ones (see figure 8 of the present paper with 1 0 ad .. figure 3 of [7] Rhodamine 6G dye laser and the probe laser has a weak and fluctuating intensity ; moreover the involved transition probability is low. These features explain the rather poor signal-to-noise ratio obtained and prevent a complete study of the system (C). Nevertheless it can be noticed that, in this case, the contrast obtained for the Autler-Townes gap is rather good.
The situation for a complete investigation of the three-level system (B) is much more favourable as shown in figure 10 . Reduction of the contrast of the experimental curve is probably due not only to experimental imperfections (laser frequency jitter, power inhomogeneities and fluctuations, shorter lifetimes due to collisions), but rather to the effect of the non-zero probe-field intensity shown in the theoretical curves of figure 6 . Indeed, during the course of the experiment we had to reduce the probe intensity to observe the splitting. Due to the high value of the probe transition probability even a probe power density a hundred times smaller than the pump power density seems to be sufficient to reduce the contrast. It was also observed that the maximum amplitude of this signal (transmission signal) was not appreciably changed when the probe intensity was reduced, in agreement with the amplitude behaviour of the absorption coefficient of figure 6 . Figure 11 shows the evolution of the recorded signal with the detuning bi. These resonance curves ) corroborate the corresponding theoretical curves (Fig. 7 detuning (three-level system (B)).
was predicted in our theoretical discussion and is apparent in the calculated curves of figure 7. For the largest detuning that we used (b1 = 3 600 MHz i.e. 2.5 times the Doppler width) the resonance intensity is only 5 times smaller than for zero detuning. This is probably due to the occurrence of the two-photon resonance discussed at the end of the section 4, but we have no means in our experiment to measure precisely the absolute position of the resonance and also simultaneously the detuning b1. 6 . Conclusion. - However we have discussed the whole problem within the frame of non-degenerate levels, and we have not taken into account the effects of laser polarization. As some previous theoretical [9, 16, 30] and experimental [7] investigations have shown the existence of new features related to these characteristics of the atom-field system, a natural extension of this work would be a theoretical and experimental investigation of systems with three degenerate levels. 
